This purpose is about a computational fluid dynamics investigation of a step varying in annular space effect on Taylor vortices flow and velocity in cylindrical Taylor-Couette system. Three cases are considered, the first geometric configuration GCi where the change in radius of the outer cylinder, and the half endplate is replaced by fluid close to the inner cylinder. The second geometrical configuration GCo with a step change in radius of inner cylinder and the half end-plate is replaced by a fluid close to outer cylinder. The last case CGb, the system has a change in both cylinders. The bottom endplate is attached to the outer cylinder, which are held fixed, the inner one is rotating, and a cylinder radius ratio of η = 0.66. Hence, the Taylor vortices flow development in geometrical configuration GCo for different Reynolds number values and Axial profile of dimensionless tangential velocity component midway across the gap for Τa = = 59.42, a numerical method based on the finite volume method is employed in simulations.
Introduction
The rotating flow has been extensively interested the scientific community in different domain such as geophysics, astrophysics, engineering of macro-mixing, chemical reactors, Czochralski crystal growth process and fundamental sciences. In laboratory, Taylor-Couette system has a long history and a large number of experimental, analytical and numerical works have appeared to study the appearance and the propagation of vortices and the laminar-turbulent transition regimes are investigated [1] [2] [3] [4] [5] [6] . The aspect ratio, the radius ratio, the annular space and the end-boundaries-flow interaction have a strong effect on the transition from Couette flow to Taylor vortices flow [7] . Moreover, the geometry other than the right circular Taylor-Couette problem is investigated [8] , Sprague et al. studied numerically and experimentally the tailored Taylor vortices in discontinuous axisymmetric geometries by contouring of the geometry of the inner cylinder. The continuously tailored Taylor-vortices with axially varying the inner and outer radius is investigated [9, 10] . The Taylor-vortices in the flow between two coaxial cylinders one of which has a change in radius is studied [11] . This investigation focuses on the onset of Taylor vortices in flow of incompressible viscous fluid between two rotating cylinders with a varying of the annular space. We analyze the impact of change in the inner radius, outer radius and in both. The inner cylinder is rotating and the outer one is at rest. We carry out the varying in radius to study the axial profiles of velocity components.
Main problem and mathematical formulations
The viscous incompressible fluid flowing is contained in an annular space between a rotating inner cylinder and a stationary one. A schematic of the flow systems for three geometrical configurations are depicted in Fig. 1 The geometrical configuration, GCo is to replace the half of the top end-plate coupled to the outer cylinder by the fluid. The aspect ratio Γ = 10 and η = 0.66 for the wide annular space part. For the narrow gap, the aspect ratio Γ′ = 10 and the radius ratio η′ = (R i + d) / Ro, η′ = 0.8. The geometrical configuration, GGi is to replace the half of the top end-wall attached to the inner cylinder. For the narrow gap, the aspect ratio Γ = 10 and the radius ratio η′= R i / (Ro -d), η′ = 0.75. The geometrical configuration, CGb is to replace the top half-endplate located in the middle part of the annular space is replaced by the fluid, For the narrow gap, the aspect ratio Γ' = 10 and the radius ratio η′ = [ (Fig. 1) . Governing dynamic equations (1) and (2) consist of the continuity equation and the momentum equations, in cylindrical coordinates system. In this problem, v denotes the velocity field of fluid and p is the pressure,
ρ and µ denote the density and the dynamic viscosity of considered fluid, respectively. Non-slip boundary conditions are considered for velocity components. The problem is numercally simulated using the CFD software package, Ansys Fluent, based on the finite volume method. The PRESTO (PREssure STaggering Option) was used for spatial discretization scheme of pressure , PISO (Pressure-Implicit with Splitting of Operators) scheme used for pressure-velocity coupling and the momentum equations are computed using the Third-Order MUSCL (Monotone Upstream-Centred Schemes for Conervation Lows) scheme.
Results and discussions
In the context of computational fluid dynamics investigation of flow between two rotating cylinders, it is crucial to understand how the Taylor-vortices is modified when the half of the top endwall is replaced by the fluid. Consequently, an outflow is present at separation zone between the wide and the narrow gap. The filling of the annular space by the Taylor vortices is only reached for a value equal to or greater than a critical angular velocity value of the rotating inner cylinder corresponding to a critical Taylor number value Ta c . In Fig. 4 , a fixed geometrical configuration GCi is considered presently. Τhe half top endplate which is close to the inner cylinder is replaced by the fluid. The second half top endplate is considered as typically coupled to the outer cylinder at rest. Consequently, the imbalanced pressure gradient by centrifugal force near the wall generates a radial motion, especially an inflow at separation zone between the narrow and wide gap. The development of Taylor vortices are presented for different Reynolds number values. The wide annular space is filled well before then the narrow gap. The vortex located at the varying in radius of outer cylinder penetrates into the narrow gap for the low Reynolds number values Ta < 37.13. It is noted that the rotating inner cylinder acts on the fluid by a centrifugal force and the outer cylinder reacts and generates a pressure gradient, developing a vortex with an outflow between wide and narrow annular spaces. Unlike the rotation direction of the first cell circulation developed in narrow annular space of the geometrical configuration GCi, the first vortex rotates in the opposite direction in narrow gap of the geometrical configurations GCo and GCb. We note that the tangential velocity of the flow near the end-plates is the similar as the azimuthal velocity of the rotating inner cylinder. In addition, the imbalance between the centrifugal force and the pressure gradient force results inflow and outflow. Therefore, the interaction between the walls and the fluid generates the Ekman circulation that appears near the endwalls. In Fig. 6 , we examine the axial profile of dimensionless tangential velocity component midway across the gap, for three geometrical configurations. The tangential velocity component is divided by the linear velocity of rotation of the inner cylinder corresponding to Ta = 59.26. We first consider the case of GCi shown in Fig. 6 , we noted that the circulation of Ekman remains about the same for three geometrical configurations near the lower endoutflow inflow outflow inflow outflow inflow inflow wall. Taylor vortex flows near the center of the wide annulus are substantially weaker. In the case of GCo, vortices near the center of the annulus are larger in intensity and smaller in size than GCi. The direction of rotation of the Taylor vortex is opposite to the rotation of it in the GCi case. It is due to the rotation of the half endwall effect. Next, the case of GCb, the annular space is located between change in inner and outer cylinder radii. Consequently, the balances between the centrifugal and pressure gradient forces play important roles to generate the vortices. The Taylor-vortices near the center of the wide gap are uniform and are the largest in intensity and the biggest in size.
